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Introduction
As part of NR RRM enhancement WI, RAN4 needs to define the interruption and BWP switching delay requirements when UE is indicated to change BWP on multiple CCs. In this contribution, we provide our views on delay requirements for BWP switching on multiple CC. 
Discussion
In RAN4#93, it was agreed to define requirements for simultaneous BWP switching on all CCs triggered using the same method (DCI, Timer or RRC). Further it was agreed that RRC based BWP switching on multiple CCs for NR-CA is triggered by 1 RRC command.  The WF [1] agreed on simultaneous switching is shown below.
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WF on simultaneous BWP switch triggering on multiple CC

In short, it was agreed to define requirements only for following scenarios for simultaneous case:
· Simultaneous DCI based BWP switch on all CC
· Simultaneous Timer based BWP switch on all CC
· Simultaneous RRC based BWP switch on all CC
BWP switching delay
In this section, we provide our views on the BWP switch delay for the agreed scenarios for simultaneous BWP switching. As it was already agreed in previous meetings, BWP switch may involve reconfiguration of RF and baseband. Based on the parameters change required for a BWP switch, UE may have to determine the RF and baseband parameters to be applied during BWP switching. When UE was indicated to perform simultaneous BWP switching on multiple CC, how quickly UE can perform BWP switch depends on UE parallel processing capability. If UE has multiple parallel threads implemented, it may perform BWP switch in parallel. Therefore how quickly UE can perform simultaneous BWP switch on multiple CC depends on number of parallel threads available.  
To understand better, let’s consider an example where an UE which has capability of 2 parallel threads was indicated to switch BWP on 4 CCs simultaneously.  In this example since UE has 2 parallel threads implemented, UE can switch BWP of 2 CC (1st set) simultaneously and BWP of 2 more CC (2nd set) after finishing first set of BWP switch. Since first 2 CC BWP switch can be completed in parallel, that can be completed in BWP switch delay of 1CC. The time required to complete 2nd set of BWP switch delay maybe less than 1st set of BWP delay as DCI/RRC decoding and processing delay is already counted in 1st set of BWP delay. Based on this example, we prefer defining BWP switch delay based on Option 2 framework of agreed WF, with slight modification (equation may require ceil function rather than floor function). 
That is, BWP switch on multiple CC (simultaneous) = BWP switch delay of 1 CC + D * ceil ((N÷K) -1)
Where D= BWP switching delay without processing delay of DCI, timer or RRC.
N is number of CCs, and K= [4];
Proposal 1: BWP switch on multiple CC (simultaneous) is BWP switch delay of 1 CC + D * ceil ((N÷K) -1). Where, D= BWP switching delay without processing delay of DCI or RRC and N is the number of CCs and K= [4].

Non-Simultaneous or partially overlapping triggering case
The following WF is agreed for BWP switching on multiple CCs with partial overlap. To reduce the number of requirements to be defined, for BWP switching on multiple CCs which has partially overlapping triggering, the same method (that is timer or RRC) of triggering is agreed. In this section we further analyse the open issues after last meeting.
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WF on non-simultaneous BWP triggering on multiple CC
DCI based non-simultaneous BWP switching:
In RAN#93, DCI based non-simultaneous switching is not agreed for CA and it was FFS for NR-DC. In our view, chance of initiating a non-simultaneous BWP switch when there is already a DCI based BWP switch is in progress (on other carrier) may be a rare event (due to less time required to complete DCI based BWP switch). Moreover it may not be supported by all UE (depends on Per-FR capability of UE). Since this may be a rare event and also depends on UE per-FR capability, in our view RAN4 should not define requirements for this case. 
Proposal 2: RAN4 to confirm DCI based non-simultaneous BWP switching is not considered for NR-DC.
In NR-DC case, co-ordination may not always exist between the Cell Groups (CG). Due to this one CG may not be aware of whether BWP switching is triggered on other CG CCs. Since BWP switching delay on multiple CC may be a function of number of CC (on which BWP switch is performed), a CG may only know the delay expected based on the number of CC triggered from its CG. 
Further in this case, each CG may not know on how many CC the BWP switch is triggered on other CG. If this is not known, and both of the CG trigger BWP in overlapping manner, delay expected won’t be knowing at each CG (since delay may have to be extended based on total number of CC on which BWP is triggered and each CG do not know what is the total number of CC for both CG combined). Due to this, it is necessary to perform BWP switching on each cell group independently. RAN4 should consider this while defining the delay for BWP switching on multiple CCs for NR-DC. 
Based on the above analysis we propose that BWP switch delay definition should be per CG in NR-DC so that BWP switch activity on one CG will not be impacted by BWP switch activity on other CG.
Proposal 3: In NR-DC, BWP switch delay on each CG should be independent for simultaneous or non-simultaneous BWP switch triggering. 
Timer based non-simultaneous BWP Switching:
In RAN4#93, timer based non-simultaneous switching is considered for CA and NR-DC. Based on the discussion in previous section and proposal 3, for simplicity let us define BWP switch delay for each CG separately. In a non-simultaneous case, at any given time there may be few CCs (1 or more) on which BWP switch can happen simultaneously. Before the completion of already triggered BWP switch, if there is another BWP switch trigger (due to bwp-Inactivity timer expiry), total BWP switch may have to be extended by the interruption caused by the ongoing BWP switch. If we generalise this process by assuming there may be M non-simultaneous instances of (simultaneous) BWP trigger, total BWP switch delay can be represented by following generic equation.
BWP switch delay on multiple CC (non-simultaneous) = M× BWP switch delay on multiple CC (simultaneous) + M × Interruption due to each BWP switch. 
Proposal 4: Timer based BWP switch delay on multiple CC (non-simultaneous) = M× BWP switch delay on multiple CC (simultaneous) + M × Interruption due to each BWP switch.
 RRC based non-simultaneous BWP switching:
In RAN4#93, RRC based non-simultaneous BWP switching is agreed for NR-DC only. To simplify further analysis, let’s assume only one RRC message is assumed to switch all CCs in a CG. Which means non-simultaneous BWP switching within a CG is not possible (we feel it is a fair assumption as it does not beneficial to send different RRC messages to switch CC of same CG with in 16ms). By assuming only one RRC message is used for BWP switch for each CG and BWP switch delay on each CG to be independent (because it can be done in parallel) of other CG, BWP switch delay on multiple CC (non-simultaneous) for each CG  is equal to BWP switch delay on multiple CC (simultaneous);
Proposal 5: RRC based BWP switch delay on multiple CC (non-simultaneous) for each CG is equal to BWP switch delay on multiple CC (simultaneous).
1. Conclusion
In this contribution, we have analysed the requirements for BWP switching on multiple CC and made the following proposals:
[bookmark: _GoBack]Proposal 1: BWP switch on multiple CC (simultaneous) is BWP switch delay of 1 CC + D * ceil ((N÷K) -1). Where, D= BWP switching delay without processing delay of DCI or RRC and N is the number of CCs and K= [4].
Proposal 2: RAN4 to confirm DCI based non-simultaneous BWP switching is not considered for NR-DC.
Proposal 3: In NR-DC, BWP switch delay on each CG should be independent for simultaneous or non-simultaneous BWP switch triggering. 
Proposal 4: Timer based BWP switch delay on multiple CC (non-simultaneous) = M× BWP switch delay on multiple CC (simultaneous) + M × Interruption due to each BWP switch.
Proposal 5: RRC based BWP switch delay on multiple CC (non-simultaneous) for each CG is equal to BWP switch delay on multiple CC (simultaneous).
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¢ Requirements are defined for BWP switching on all CCs triggered by the same method (DCI, Timer
or RRC)

* RRC based BWP switching on multiple CCs for NR-CA is triggered by 1 RRC command
* FFS for NR-DC operation
¢ For BWP switching delay requirements companies are encouraged to bring analysis on BWP
switching delay components that can be done in parallel and sequentially
¢ Option 1: BWP switching on multiple CCs would be N times delay of single CC
*  Where 1 <N < Number of CCs
¢ FFSif BWP switching delay requirements are scaled for subset of CCs or for all
CCs.

¢ Option 2: BWP switching delay 1 CC + D * (IEJ - 1); Where D is the incremental processing

delay on additional CCs; N is number of CCs; K is number of CCs that can be processed
simultaneously

¢ Other options are not precluded

* Interruption requirements are FFS
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*  For BWP switching on multiple CCs with partial overlap:
* Requirements are defined for BWP switching on all CCs triggered by the same method (Timer or RRC)
* DCl based switching is not considered for CA; FFS for NR-DC
* RRCbased switching shall be considered for NR-DC only
* Timer based switching shall be considered for CA and NR-DC

* FFS on BWP switching delay with partial overlap triggering

* FFS on interruption requirements for BWP switching with partial overlap triggering




